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FIREBALL CALCULATIONS: SHOT SANFORD -

1.0 :INTRODUCTION

S:anford, an LRL event, was detonated on 926 October, 1958, at
approximately 0220, PST, from a 1500-fdot balloon in Area B-Fa of the
Nevada Test Site. The fireball yield was 4,89 kt + 0.30 kt.

2.0 CAMERA INSTRUMENTATION AND OPERATION (Table I)

Photographic coverage of fireball growth was provided by four-
high-speed Eastman cameras, two each at Stations F-362 (6 x 6 No. 2)
and F-369 (6 x 6 No. 3).. In addition, Rapatronic cameras were located
at each of these" stations to record early fireball phenomena. All cameras
functioned properly and provided records suitable for analysis.

The station and burst locations are shown in Fig. 1. Figure 2 con-
tains the survey data. - |
3.0 RESULTS

Application of § scaling to the Sanford data indicates a yield of
4.89 kt + 0,30 kt.

An air density of 1. 062 grams per liter was used in the yield
calculations. This air density was based on a pressure of 864 millibars,
a temperature of 9. 4°C, and a relative humidity of 78 percent at the height
of the device‘at shot time. Diameter vs time and phi vs time plots afe
given in Fiés. 3 and 4. Table II shows average diameter vs time.

The zero-frame times of the Eastman cameras were determined by
comparison with the Rapatfonic diameter vs time data.
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The following data sheets are included for each shot:
) (a) Photo Plan and Photo Loading Chart
(b) Camera Data and Calculation Sheet
(c) Diameter Measurement Sheet
(d) .E102 print-out sheet of D, t, § and W (yield).
The Appendix contains photographic examples of the Sanford

Fireball.
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Table I
Hardtack Phase II, Sanford

Fireball Camera Distribution

Station Camera Qualifaiive
Functioning
F-362 E-34 Record
(6 x 6 No. 2)
E-1T Record
R-30 Record
R-34 Record
F-369 E-25 Record
(6 x 6 No. 3)
E-6 Record
XR-3 Record
R-4 Record




Table II
Hardtack Phase II, Sanford

Average Diameter vs Time

Time - ~ Diameter (meters) as seen from
(in msec.) Stations 7-357 and 9-356
0.5 43.0
1.0 57.0
1.5 65.5
2.0 71.5
3.5 78.5
3.0 ' 83.0
3.5 87.5
4.0 | 92.0
4.5 96.0
5.0 100.0
5.5 103.5
6.0 " 106. 5
6.5 ' 110.0
7.0 . 113.0
7.5 116.0




Table II, cont'd

Time _ Diameter (meters) as seen from
(in msgec.) Stations 7-357 and 9-356
8.0 : 119.0
;8. 5 121.5
9.0 124.5
9.5 127.0
10.5 l 129.5
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OPERATION: Asen7rack Funse I

CAMERA DATA & CALCULATIONS

FILM NO. 60655 | f STOP CAMERA NO. £-6 | GALCULATED BY:JEC
STATION NO. Sx2%7; | EQ. AP. LENS TYPE DATE: /2// /58
RACK POS, ND LENS NO. 7232586

TEST sAVFORD COLOR FILTER: B=€EL. ANGLE

I Bove

MUOUODERIN BLUEL rrais

CAMERA

A (AIMING POINT)

HORIZONTAL
PROJECTION

A, R%.=CBp cos a cos B + (Hg —Hg) sin B

a=  0° 00’ = /2° He= 4577

cos a= /. 0000 cos B= 0. 978/5 He= 3078 F7

CBh= R2/48.2m sin B= 0. 2079/ AH= /499 = 4569 m
CBh cos a cos B= 2/0/.3m | AHsinB= 94 99 m RO/p= [2796.3 m ]

B. FOCAL LENGTH 39.95 mm

(3232586)

C. MAGNIFICATION FACTOR

(meters /in.) /396.5

D. ZERO TIME CORRECTION 9.0/ ms

EDGERTON, GERMESHAUSEN, 8 GRIER, INC.




DIAMETER MEASUREMENTS

WEORD FIOM NO. 604 SS  _Z6
cxé &3
(@) t (us)
Mag. Dy D D n t (ms
9% |

48.15 0079 0082 .
01ks5 0143 [ # 26
0179 0180 S2.06
0206 0203 573/
0227 0225 A
o024k o241 70.33 ‘
0261 0259 75.40
0273 0273 22,77
0287 0287 £3.23
0300 0298 £¢.7/
0311 0310 24.05
0323 0321 2 3. 35
033%™ 0332 76,57
0343 0332 77 0%

28.90 0210 0210 Y R4
0215 0215 3.8
0221 0220 106 35
0226 0225 /O0F 56
0231 0230 (L. &
0237 0235 Judos
o241 0239 122579
0246 0245 lufre3
0251 0247 1z20.32
0255 0255 /23 22
0258 0259 2% 77
0263 0262 lzé £
0266 0267 | ZYEY,
0270 0271 /30.7/
o272 027k 377,
0275 0277 133.3¢
RH GGO TYPED BY

11/5/58 DATE
TOCERTON, CERESHAVSEN
-18- & GRIER, INC.




- FIREBALL CALCULATIONS

FILM NoO. 82635

SHOT S AN 0RD

-19-

: paTE _ /58
{

0 ' InD Int B ¢ W
2% .25 N1 215CF°3 AFCENG - 1 5Q0E4 1467265 9209009
41 76 29 373201 24153 - ARELEL0 £CR 58 11278
5216 77 305238 fF13%5 - 9007125 £7737 37173
59 31 115 408271 13968 1057464 560 86 7498
85 54 154 418259 43185 1188560 551 42 68 €7
70323 192 4725315 65233 12981 44 54177 ¢ 6305
7540 230 4722280 83284 13095338 54037 . 6224
7917 2E9 47271673 88947 1485556 53293 ‘5807

: 442167 112166 1566219 531 40 57 25

4 46D E5 123841 1641009 528 36 55 &3
450044 124293 1711166 526 24 54 €2
453673 143900 1778843 52494 5385
4570727 152610 1R41244 524 48 53 61
459547 10543 1900611 52109 51 90
461920 167893 1957314 518 41 50 <8
4643732 174913 2013059 51608 4945
466856 181311 2065241 51592 49138
4 69001, 18732 2115530 515 N4 4896
47127 193001 2164101 51457 48 73
473647 198510 2212317 51547 4917
4753225 203601 22578736 51363 48 29
477504 208447 2302021 515 32 4909
479009 213067 2344965 51309 4204
481792 217596 23878731 516073 4943
482755 221817 2428494 514 35 48 €3
4 842 88 225865 2468128 51391 48 42
4 85801 228750 25067 &9 5173 68 4832
487207 233505 2544724 51365 48 %0
488212 227206 2582673 510 74 4€ 95
4 897n6 240687 2618887 509 22 46 25



MODERN BLUE PRINT 9602

OPERATION: Aoeprace Frwase 7/

" CAMERA DATA & CALCULATIONS

FILM NO. 605 /4 f STOP CAMERA NO. £-34 | CALCULATED BY
STATION NO. /.. %2 | Eq. AP. LENS TYPE DATE: /2///5¢
RACK POS. ND : LENS NO. &7~ /254

TEST Sawcoed COLOR FILTER: B=EL. ANGLE

A (AIMING POINT)
s

HORIZONTAL
PROJECTION
____________ G 3K
CAMERA %9
A. R%.=CBp cos acos B + (Hg —Hc) sin B
- 0" oo B=_ 7° o0z’ Ho= 577 i
CosS a= /. 0000 cos B= 0. 99248 Heo= 3090 #

CBh= 2476.2 m

sin B= 0. /12245

AH= /487 £=- 453

CBh Cos a CoOsB=3648. 6m

‘AH sinB= 55 49 m

ROp= (3704 7T m

B. FOCAL LENGTH

63.9/ mm (Er-/254)

C. MAGNIFICATION FACTOR

(meters /in.) /#72./

D. ZERO TIME CORRECTION 0./2 ms

FNRERTNAM

NERMECUAIICTH! a nrohico [EN Vol




gaor SANFORD FIIM FOE-34..  F-362
60514
Pr.Bo. Mg D Do Dayg (@) ¢ (ws)
. . &.a '
0 48.15 0083 0084
12 . 0lk2 0140
2 017k 0177
3 0200 0200
Sl 0216 0218
5 0235 0235
6 02kg 0252
7 0264 0266
8 0278 0278 ,
9 0289 0291 £f. 65
10 0300 0301 19/ &4
11 0310 0310 2
12 0320 0320 1 92¢
13 0330 0331 .
14 0338 0340 )
15 _— 03k7 0346 295
16 28.90 0214 0211 l/og 28
17 0219, 0218 )
‘18 - 0222 0222 )
19 0226 0227 s 3&
20 0232 0230 ] 6
21 0234 0235 ] 449 f%
22 0240 0238
23 o243 0243 / 3 2&
24 o247 o247 )25 F2
25 0253 0251 /28 37
26 0257 0256 1/30 66
READ BY % I TYPED DY,
DATE _11-5-58 DATE
REMARKS :
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" & GRI'ELR, e,
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FIREBALL CALCULATIONS

oate _//5/58

t inD int 72
12 2220783 D10 R . AaP821d
51 - 2T7E€2E0Q 7T 3E . 983200
Q0 208245 10559~ 9058758
129 411309 25462 1107218
1 €8 419472 E1RR8E 12 206 54
v-Xalv 427440 . 7272 1337775
246 423874 Q00N8 1423377
285 420462 104727 1520300
225 444249 117266 16023473
264 448477 129204 1676684
4n3 4520733 129384 1746366
442 455149 1486270 1212089
4901 452311 1857072 1874402
5 20 461546 1FA4854 19337473
8 59 464082 172002 1900471
508 A66274 178034 2044880
£ 27 4 AR 428 185152 20097211
£76 471215 1901005 2147668
715 472810 19€707 21964720
7 e 474815 202021 2243811
7 a 476791 207068 2289363
72 4782873 211272 2333779
/72 4820191 21655 2T 780473
o11 4818456 220044 2420020
9 =0 487401 DDOS1 72 24F0QN2
oef9 4 854 RO s 2C1a7 2500748
1028 40272°9 272001 25173270
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OPERATION: LpeprAck PHASE ZI
CAMERA DATA & CALCULATIONS

FILM NO. 603/5 f STOP CAMERA NO. £-7 CALCULATED BY: 22
'STATION NO. /. 4 #5 | EQ. AP. LENS TYPE DATE: /0/26/56
RACK POS. ND LENS NO. RC 486

TEST savForD COLOR FILTER: B=EL. ANGLE

A (AIMING POINT)

HORIZONTAL ,
. PROJECTION I
. e o -
.. CAMERA _ , %_B
‘A. R%.=CBp cos a cos 8 + (Hg —Hc¢) sin B
a= 0° oo’ B= +7° 0z Hg= 45 77 f#
COS a= /. 0000 cos B=0. 79725 Ho= 3090 £
CBh= 3676.2 m» sin B=09. /224 AH= /487 H=453.2 m
CBh Cos @ COSB=3648.6»| AHSINB= S5 47 m ROYw= [3704.7/m ]

B. FOCAL LENGTH 6393 mm (‘RC 486)

C. MAGNIFICATION FACTOR (meters/in.) $0.73

D. ZERO TIME CORRECTION 0.40 ms

EDGERTON, GERMESHAUSEN, & GRIER, INC.




_ E-7 F 362
Fr. Ko. mO Dl Dz D a (B) v (u)
.\ | s | e |
0 29.00 0078 | 37. 55
1 0099 0098 L5223
2 0117 0117 54.32
3 0131 0130 46. 49
4 o2 o 72205
5 0150 0151 76. 62
6 0157 0158 , £0.419
7 0167 0167 4, )
8 0173  Ol73 £225
9 0182 0181 - , 9235
10 0186 0188 a4.g&
1 o194 0191 41.93
12 0200 0199 [01.4€
13 0205 0203 (03.5/
14 0209 0208 [0k, 0S
15 0213 0213 16 &.08
16 0220 0219 LLi.e3
17 0222 0221 jj L. 6%
18 0228 0227 115, 69
19 0232 0232 1{2.02
20 0236 0236 Lit9. 75
21 - 0240 o240 |21 7¢
.22 o2k2 0243 Ji23:.30
23 o2k6 0247 12533
2 o2kg 0252 re2ge 3¢
22 0252 0252 120, %é
2 0260 0256 Lide 1!
27 o~ - 0266 0258 13z a4
READ BY GGO JEC TYPED BY
DATE 10/26/58 DATE
REMARICS :

& cam, e,
-94-
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SHOT SANFORD

FIREBALL CALCULATIONS

t InD

Int

40 TATE LG SiLEe T
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1°9 L 1QFER 4€3 81 12
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278 £ 7RRLLO 102239 15
217 442966 115373 1S
zE7 A 47407 127262 16
*Q7 4852865 1 37884 17
4 3¢ AR5 64 1472 57 1=
476 4 584 P73 156028 19
e 4 ~19Q0 1 £3R03 19
555 A RBQFE 171275 1@
= 0g AFRZNT 1783732 20
& 24 468221 1 246 80 20
£ 74 471511 19C7929 21
714 472411 19€567 21
7R3 475093 2018”8 c2
703 4762707 207068 27
27p 4 7RS4 211872 23
272 AR0P1E 216569 23
@11 481 4F7 PPrQsa 24
e =1 4 230 aq 22521377 24
a1 4 RaF OQ PR97a0 22
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MODERN BLUE PRINT 9502-

OPERATION: 4aenracix Pugse 7
GAMERA DATA & CALGULATIONS

FILM NO. 4065+ f STOP CAMERA NO. £-25 | CALCULATED BY: Zc
STATION NO. /. 7%, | Eq. AP LENS TYPE DATE: /2///58
RACK POS. ND LENS NO. &7- /207

TEST Sonroep COLOR FILTER: B=EL. ANGLE

A (AIMING POINT)

HORIZONTAL
PROJECTION
____________ - ;\'j
CAMERA %B
A. RYr=CBn cos a cos 8 + (Hg —Hg) sin B
Ca=. 0° 00’ B= ,z° Hg= 45 77 £+
COS a= /. 0000 Cos B= 0.978/5 He= 3078 #
CBh= 2/48.2 m» sin B= 0. 2079/ AH= /999 ff = £56.9
CBh Cos @ COSB=2/0/.3 | AHsInB= 94 99 A RYa= (27963 »m ]

B. FOCAL LENGTH ¢6+<.

/0 mm. (Er/207)

C. MAGNIFICATION FACTOR

(meters/in.) &870.28

D. ZERO TIME CORRECTION 0.03 ms

EDGERTON, GERMESHAUSEN. & GRIFR Inn



DIAMETER MEASUREMETS

v E-25 STA-369
80T Sanford . FUOM NO.__ 6065k
TFLEROA R
G R
0 48.15, 0160 0161 2700
o1 0236  02ho L #3.0f
2 0287 0286 Lsv22
3 0322 0324 L. 27
b 0353 . 0353 AT
5 28.90 = 0226 0226 6505
6 02’-&3 021&2 . _ 7 3J 02
7 025k 0255 76.63
8 067 0266 &0, 244
9 078  ®T9 £3.£6
10 0291 0290 £0.47
11 0299 0298 L f776
12 0308 0307 K2
]3 0318 0318 95.7S
14 0326 0327 273
15 0335 0335 2Nz,
16 03h2  03k2 5235
17 19.23 023 0233 Y=
18 | 0228 0232 97.72-
19 ceb2 e L2
20 02k7 02k 55 .
21 0252 Q252 57752
22 &26 ggg'{ //6.09
23 0261
2l 0266 0266 T
22 o G Izr75
(2379
21 0279  CeT7 /2. 02|,
28 0282 0281 LY,
A ———
READ BY ggo rh TYPED DY
DATE 11-5-58 DATE
REMARKS
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FIREBALL CALCULATIONS

: oaTe __/5/58

t InD Int 15 ¢ w
k! 2RET LS 550 Foo. 245999 117° 85 5075 89
28 T7R1 S0 Qe7 51 - F780¢e5 £33 25 12768
7P T Qs £Q FreTa . a7s8 8 5090 40 9692
117 A0EF 74 18760 1027412 6812 79 Qg
141 41858 %D TL4FEF 1147748 55597 7175
176 472015 BE537 12537481 K42 75 ¢TE
210 420071 74190 13454094 S42 69 £ G
244 4 232900 891902 1428704 236325 5007
> 79 4 2Q=0E 102528 150741 532 30 773
113 44291 114102 15783299 "31 29 “7 13
x40 4474327 124707 1A 46705 5311% =Tl
P2 4 498 &5 124032 1708377 =08 80 “ 420
41A ATZR 4 142559 < 7AQF A4 52749 5% 14
2 =9 456175 1 F0F35 132754 52415 %735
475 4 SFrang 157900 {80818 52275 274
= 70 4k17 08 164264 1633743, 52163 5217
S =4 ARZATY 171194 1683334 £i19¢2 2092
=ag 4RANTZS 177148 2071135 s20 72 5151
€0 AETO LT 182929 2072€°1 1022 G040
£7 AFQE1T 1 83244 21733209 518¢ 4G 34
91 4712 EQ 103291 P16E€12 51702 £35S
7z 4173 A4 1 GR2 24 2200RR3Z 51613 4G 48
7 EQ 4T7EATS 20214 2P S07 4% 51578 24907
705 477171 PN7320  P201F 72 51547 4318
Sale 4700 K7 211510 PR =C4N8 1€ 60 a7
2R a4 801 01 215521 2T AR1 Q3 1410 475
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o A TR 2L Jaalaed 81519 ag "3
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APPENDIX

SHOT SANFORD

PHOTOGRAPHIC EXAMPLES
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'

1

Cawera: E-34

Station: F-362 (6 x 6 No.

Time: .12 msec
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Camera:

Station:
Time:

R-30
F-362 (6 x 6 No. 2)
0.49 msec
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Camera:

Station:
Time:

R-34
F-362 (6 x 6 No.
3.18 msec

-32-

2

<L

)

iy

it



fa

oy
R

E-34

.
.

Camera

. 2)

x 6 No

-362 (6

¥

ion

L
L

Sta

37 msec

6

me:

i

-33-




N

Camera: XR-3
F-369(6 x 6
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Distribution
C opies to:

1

Dr. G. W. Johnson, Test Director

Dr. H.B. Keller, LRL Test Group Director
Dr. W.E. Ogle, LASL T est Group Director
Dr. L.S. Wouters, LRL

Dr. J.F. Mullaney, Group J-10,

EG&G, Boston

EG&G, Las Vegas
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